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(54) Low-transmission transparent layered structure 

(57) A low-transmission transparent layered struc- 
ture made of a transparent substrate and a low-trans- 
mission transparent layer formed on the transparent 
substrate, wherein the low-transmission transparent 
layer is constituted of black pigment fine particles hav- 
ing a mean particle size of from 10 to 150 nm and a 
binder matrix as the main constituents, the black pig- 
ment fine particles are composite oxide fine particles of 
iron, manganese, and copper, or are carbon fine parti- 
cles and black titanium compound fine particles, the vis- 
ible light transmission of the low-transmission 
transparent layer is from 40 to 90%, and the standard 
deviation of the transmission of the low-transmission 
transparent layer in each wavelength every 5 nm of a 
visible light wavelength region (380 to 780 nm) is 5% or 
lower. 

The low-transmission transparent substrate has a 
flat transmission profile, can impart a low reflectance 
and antistatic and electric field shielding functions, and 
is used for a display device. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a low-transmission transparent layered structure comprising a transparent 
substrate and a low-transmission transparent layer formed thereon, or a transparent sii>strate and two layer films made 
of a low-transmission transparent layer and a transparent coat layer successively formed thereon, which is used as a 
o front plate, etc., of a display device such as, for example, a cathode ray tube (CRT), etc. Particularly, the invention 
relates to a low-transmission transparent layered structure which has a flat transmission profile, can further impart a low 
reflectance and antistatic and electric field shielding functions, and can reduce the production cost thereof, and also a 
production method of the layered structure and also a display device to which the low-transmission transparent layered 
structure is applied. 

5 

DESCRIPTION OF REL ATED ART 

[0002] With recent development of office automation, the chance of working close to the display of a cathode ray 
tube (CRT) of a computer has been increased, in this case, it is required of the display that the displayed image is easy 
o to see and rt does not give a visual tired feeling, and also in a home color television, and the easiness of seeing the 
displayed image. For satisfying these requirements, as the case may be, a treatment of improving the contrast by low- 
ering the transmission of the front surface glass of CRT is carried out. 

[0003] In this case, a method of using a face panel (the front face panel of CRT) having a low transmission and a 
method of applying a coating having a low transmission to a face panel having a relatively high transmission are con- 

5 sidered but from the point that the transmission of CRT can be freely controlled, the latter method is advantageous. 
[0004] Thus, there is considered a method of coating the face panel of CRT with a coating liquid formed by dispers- 
ing carbon fine partides, which are generally widely used as black pigment fine particles, in a solvent on the face panel 
of CRT. but by this method, there is a problem that the transmission profile of the film formed is lowered in the short 
wavelength side of a vistole light as shown in Comparative Example 1 of Fig. 1 and the coated film becomes a brownish 

? transmission color. 

[0005] Also, as other attempt of making easy to see a displayed image, it has been carried out to applying an anti- 
glare treatment on the surface of a face panel to restrain the reflection of the image. For example, the anti-glare treat- 
ment may be practiced even by a method of forming fine roughness on the surface of the face panel to increase the 
diffused reflection at the surface, but because in the case of using this method, the resolution is lowered to deteriorate 

> the image quality, the method cannot be said to be so preferred. 

[0006] Accordingly, it is preferred to carry out the anti-glare treatment by an interference method of controlling the 
refractive index and the film thickness of the transparent film so that the reflected light rather causes a destructive inter- 
ference to the incident light. To obtained the low reflection effect by such an interference method, a double layer struc- 
ture film wherein the optical film thicknesses of the high refractive index film and the low refractive index fflm are 

) established to 1/4A, and 1/4A, and 1AU {X: wavelength) is generally employed. 

[0007] Thus, there is a method of using carbon fine particles as the black pigment fine particles, after coating a 
coating liquid formed by dispersing the carbon fine particles in a solvent on the face panel of CRT followed by drying, 
over-coating thereon a coating liquid made of a silica sol, etc., as the main constituent, and heat-treating the coated 
layer at about 200°C to obtain a film of a low reflectance as the double layer structure film. By this method, good ref lec- 

; tion characteristics as shown in Comparative Example 4 of Fig. 2 are obtained but there is the problem as described 
above that the transmission profile of the film is lowered in the short wavelength side of a visible light as shown in Com- 
parative Example 4 of Fig. 7 to give a brownish transparent color. 

[0008] Now, in the case of working close to CRT, there is a case of being required that there is neither attaching of 
dust nor electric shock by the electrostatic charging on the surface of CRT in addition to that the displayed image is easy 

> to see and does not give visually tired feeling. Furthermore, in addition to these requirements, recently, bad influences 
of the low-frequency electromagnetic waves generated from CRT to a human body are anxious about and it has also 
been desired to CRT that such an electromagnetic wave does not leak outside. 

[0009] The electromagnetic waves are generated from deflecting coils and flyback transformers and the leakage of 
magnetic fields can b prevented in its greater part by designing, e.g.. by the changing of deflecting coils in shape. As 
for the I akage of electric fields, it can be prevented by forming a transparent electrically conductive lay r on the surface 
of the face panel of CRT 

[001 0] Measures to prevent such leakage of electric fields are theoretically the same as the count ermeasures taken 
in recent years to prevent electrostatic charging. However, it has been desired that the surface resistance of the trans- 
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parent electrically conductive layer is from about 10 8 to 10 10 O/square for the electrostatic charging prevention and is 
at most 10 6 Q/square for electric field shielding. 

[001 1 ] Thus, to cope with the various requirements described above, a method using tin antimony oxide (AID) fine 
particles or indium tin oxide (ITO) fine particles as the transparent fine particles, and after coating a transparent con- 

5 ductive fine particle-containing coating liquid formed by dispersing the transparent conductive fine particles in a solvent 
together with a binder such as an alkyl silicate on the face panel of CRT followed by drying, heat-treating the coated 
layer at a temperature of about 200°C to form a transparent electrically conductive layer is known. 
[0012] However, because the above-described transparent conductive fine particles used in the method do not 
absorb a visible light to obtain a low-transmission film for improving the contrast, it is necessary to incorporate carbon 

io fine particles, etc., in the transparent electrically conductive layer, and when carbon fine particles are incorporated, 
there is a problem that a flat transmission profile is not obtained and the film coated is colored in a brownish color as in 
the above-described case. 

SUMMARY OF THE INVENTION 

15 

[0013] The present invention has been made in view of the problems described above and an object of this inven- 
tion is to provide a low-transmission transparent layered structure having particularly a flat transmission profile, capable 
of imparting a low reflectance and an antistatic/electric field shielding function, and capable of reducing the production 
cost and also to a production method of the low-transmission transparent layered structure, and further to provide a dis- 

20 play device to which the low-transmission transparent layered structure is applied. 

[0014] The !ow-trarisrnission uarispareni layered structure of the ist embodiment of the invention for attaining the 
above-described objects is a low-transmission transparent layered structure comprising a transparent substrate and a 
low-transmission transparent layer formed on the transparent substrate, wherein the low-transmission transparent layer 
is constituted of black pigment fine particles having a mean particle size of from 10 to 150 nm and a binder matrix as 

25 the main constituents, the black pigment fine particles are composite oxide fine particles of iron, manganese, and cop- 
per, or they are carbon fine particles and black titanium compound fine particles, the transmission for visfcrfe light of the 
low-transmission transparent layer is from 40 to 90%, and further the standard deviation of the transmission of the low- 
transmission transparent layer in each wavelength of every 5 nm of a visible light wavelength region (380 to 780 nm) is 
5% or lower. 

30 [001 5] Also, in the low-transmission transparent layered structure of the 1 st embodiment of this invention, the black 
titanium compound is black titanium oxide or black titanium oxynitride, the mixing ratio of the black titanium compound 
fine particles to the carbon fine particles is from 80 to 2500 parts by weight of the black titanium compound fine particles 
to 100 parts by weight of the carbon fine particles and the constituting ratio of the binder matrix to the black pigment 
fine particles in the low-transmission transparent layer is from 150 to 650 parts by weight of the binder matrix to 100 

J5 parts by weight of the Wack pigment fine particles. 

[001 6] Also, in the low-transmission transparent layered structure of the 1st embodiment of this invention, the low- 
transmission transparent layer further contains electrically conductive oxide fine particles having a mean particle size 
of from 10 to 150 nm, the compounding amount of the electrically conductive oxide fine particles is from 50 to 1000 
parts by weight to 100 parts by weight of the black pigment fine particles, the surface resistance of low-transmission 

to transparent layer is from 10 4 to 10 10 n/square, the electrically conductive oxide fine particles are at least one kind of 
fine particles selected from indium tin oxide fine particles and tin antimony fine particles, and further a double layer film 
formed by the low-transmission transparent layer and a transparent coat layer is formed on the transparent substrate. 
Also, in the low-transmission transparent layered structure described above, the reflectance of the low-transmission 
transparent layered structure, which becomes minimum in the reflection profile of a visible light region is 3% or lower, 

<5 th visible light transmission of the double layer film is from 40 to 90%, and further the standard deviation of the trans- 
mission of the double layer film in each wavelength of every 5 nm of a visible light wavelength region (380 to 780 nm) 
is 5% or lower. 

[0017] Furthermore, the low-transmission transparent layered structure is a low-transmission transparent layered 
structure having a double layer film formed by forming the low-transmission transparent layer containing the electrically 

o conductive oxide fine particles and a transparent coat layer on the transparent substrate, wherein the reflectance of the 
low-transmission transparent layered structure, which becomes minimum in the reflection profile of a visible light region, 
is 3% or lower, the surface resistance and the visible light transmission of the double layer film are from 10 4 to 10 10 
n/square and from 40 to 90% respectively, and the standard deviation of the transmission of the double layer film in 
each wavelength of every 5 nm of a visible light wavelength region (380 to 780 nm) is 5% or lower. Also, in the above- 

5 described low-transmission transparent layered structure, each of the binder matrix of the low-transmission transparent 
layer and the transpar nt coat layer are made of silicon oxide as the main constituent 

[0018] Then, in a method of producing a low-transmission transparent layered structure of the 2nd embodiment of 
this invention, a coating liquid formed by dispersing black pigment fine particles having a mean particle size of from 10 
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to 150 nm made of composite oxide fine particles of iron, manganese, and copper, or made of carbon fine particles and 
black titanium compound fine particles, and an inorganic binder constituting a binder matrix in a solvent as the main 
constituents is prepared and after coating the coating liquid on a transparent substrate, the layered structure thus 
coated is subjected to a heating treatment. 

[001 9] Also, in the method of producing a low-transmission transparent layered structure of the 2nd embodiment of 
this invention, the constituting ratio of the inorganic binder to the black pigment fine particles of the coating liquid is from 
1 50 to 650 parts by weight of the inorganic binder to 1 00 parts by weight of the black pigment fine particles, the coating 
liquid further contains electrically conductive fine particles having a mean particle size of from 10 to 150 nm, and the 
compounding amount of the electrically conductive oxide fine particles is from 50 to 1000 parts by weight to 100 parts 
by weight of the black pigment fine particles. 

[0020] In a method of producing a low-transmission transparent layered structure of the 3rd embodiment of this 
invention, a coating liquid formed by dispersing black pigment fine particles having a mean particle size of from 10 to 
150 nm, made of composite oxide fine particles of iron, manganese, and copper or made of carbon fine particles and 
black titanium compound fine particles in a solvent as the main constituent is prepared, the coating liquid is coated on 
a transparent substrate, and then after coating a coating liquid for forming a transparent coat layer, the layered structure 
coated is subjected to a heating treatment. 

[0021] Also, in the method of producing a low-transmission transparent layered structure of the 3rd embodiment of 
this invention, the coating liquid further contains electrically conductive oxide fine particles having a mean particle size 
of from 10 to 150 nm, the compounding amount of the electrically conductive oxide fine particles is from 50 to 1000 
parts by weight to 100 parts by weight of the above-described black pigment fine partic les , the coating liquid further 
contains an inorganic binder constituting a binder matrix, and the electrically conductive oxide fine particles are at least 
one kind of fine particles selected from indium tin oxide fine particles and tin antimony oxide fine particles. 
[0022] Moreover, in the method of producing a low-transmission transparent layered structure of the 2nd or 3rd 
embodiment of this invention, the black titanium compound is black titanium oxide or black titanium oxynrtride, the mix- 
ing ratio of the black titanium compound fine particles to the carbon fine particles is from 80 to 2500 parts by weight of 
the black titanium compound to 100 parts by weight of the carbon fine particles, and furthermore, the inorganic binder 
of each of the coating liquid for forming the transparent coat layer and the above-described coating liquid having dis- 
persed therein the fine particles is made of a silica sol as the main constituent. 

[0023] Then, a display device of the 4th embodiment of this invention is a display device comprising a main body 
and a front face plate disposed at the front face side of the main body, wherein the low-transmission transparent layered 
structure of the 1 st embodiment is disposed with the low-transmission transparent layer side thereof outside as the front 
face plate. 

BRIEF DESCRIPTION OF T HE DRAWINGS 
[0024] 

Fig. 1 is a graph showing the reflection profiles of the low-transmission transparent layered structures of Example 
1 and Comparative Example 1 , 

Fig. 2 is a graph showing the reflection profiles of the low-transmission transparent layered structures of Example 
4 and Comparative Example 4, 

Fig. 3 is a graph showing the transmission profile of the low-transmission transparent layered structure of Example 
1, 

Fig. 4 is a graph showing the transmission profile of the low-transmission transparent layered structure of Example 
2, 

Fig. 5 is a graph showing the transmission profile of the low-transmission transparent layered structures of Example 
3, 

Fig. 6 is a graph showing the transmission profile of the low-transmission transparent layered structure of Compar- 
ative Example 2, 

Fig. 7 is a graph showing the transmission profiles of the low-transmission transparent layered structures of Exam- 
ple 4 and Comparative Example 4, 

Fig. 8 is a graph showing the reflection profile of the low-transmission transparent layered structure of Example 4, 
Fig. 9 is a graph showing the transmission profile of the low-transmission transparent layered structure of Example 
4, 

Rg. 10 is a graph showing the reflection profile of the low-transmission transparent layered structure of Example 5. 
Fig. 1 1 is a graph showing the transmission proffle of the low-transmission transparent layered structure of Example 
5, 

Rg. 1 2 is a graph showing the reflection profile of the low-transmission transparent layered structure of Example 6, 



<EP 1 02089 1A2J_> 



EP 1 020 891 A2 



Fig. 1 3 is a graph showing the transmission profile of the tow-transmission transparent layered structure of Example 
6, 

Fig. 14 is a graph showing the reflection profile of the low-transmission transparent layered structure of Compara- 
tive Example 5, 

s Fig. 1 5 is a graph showing the transmission profile of the low-transmission transparent layered structure of Example 

5, 

Fig. 16 is a graph showing the reflection profiles of the low-transmission transparent layered structures of Example 
7 and Comparative Examples 6 and 7, 

Fig. 1 7 is a graph showing the transmission profiles of the low-transmission transparent layered structures of Exam- 
io pie 7 and Comparative Examples 6 and 7, 

Fig. 18 is a graph showing the reflection profile of the low-transmission transparent layered structure of Example 7, 
Fig. 1 9 is a graph showing the transmission profile of the low-transmission transparent layered structure of Example 

Fig. 20 is a graph showing the reflection profile of the low-transmission transparent layered structure of Example 8, 
is Fig. 21 is a graph showing the transmission profile of the low-transmission transparent layered structure of Example 
8, 

Fig. 22 is a graph showing the reflection profile of the low-transmission transparent layered structure of Example 9, 
Fig. 23 is a graph showing the transmission profile of the low-transmission transparent layered structure of Example 
9, 

?o Fig. 24 is a graph showing the reflection profile of the low-transmission transparent layered structure of Example 

10, 

Fig. 25 is a graph showing the transmission profile of the low-transmission transparent layered structure of Example 
10, 

Fig. 26 is a graph showing the reflection profile of the low-transmission transparent layered structure of Compara- 
?5 frve Example 8, 

Fig. 27 is a graph showing the transmission profile of the low-transmission transparent layered structure of Com- 
parative Example 8. 

Fig. 28 is a graph showing the reflection profile of the low-transmission transparent layered structure of Compara- 
tive Example 9 t and 

n> Fig. 29 is a graph showing the transmission profile of the low-transmission transparent layered structure of Com- 
parative Example 9. 



DETAILED DESCRIPTION OF THE INVENTION 

J5 [0025] Then, the invention is described in detail. 

[0026] In general, as a black pigment, carbon, black titanium compounds, iron oxide (Fe 2 0 3 ), etc., are considered 
but the composite oxide fine particles of iron, manganese, and copper shows a higher blackness than other black pig- 
ments such as carbon, etc.. and thus, in this invention, based on the conception that by using the composite oxide fine 
particles of iron, manganese, and copper for a low-transmission transparent layer, a film excellent in the flatness of the 

0 transmission profile can be obtained, and also based on the conception that by using black pigment fine particles made 
of carbon fine particles and black titanium compound fine particles as the low-transmission transparent layer, the trans- 
mission profile of the film can be greatly improved as compared with the case of using the carbon fine particles or the 
black titanium compound particles singly, the problems described above are solved. 

[0027] Also, the composite oxide of iron, manganese, and copper is a compound having a spinel structure shown 
5 by, for example, the chemical formula: (Cu. Fe, Mn)(Fe. Mn) 2 0 4 and is constituted of from 33 to 36% by weight CuO. 
from 30 to 51% by weight MnO, and from 1 3 to 35% by weight Fe 2 0 3 . Hereinafter, the composite oxide of iron, manga- 
nese, and copper is sometimes referred to as simply "Fe-Mn-Cu-O". 

[0028] Also, as the black titanium compound which is used together with carbon black fine particles as a black pig- 
ment used for the low-transmission transparent layer, it is preferred to use black titanium oxide or black titanium oxyni- 
o tride. The black titanium oxide is titanium sub-titanium sub-oxide (Ti0 2 _x) in a hydrogen atmosphere obtained, for 
example, by treating titanium oxide (Ti0 2 ) at a high temperature, and on the other hand, the black titanium oxynitride is 
a nitrogen-containing titanium compound (T^OyNJ obtained by treating titanium oxide (T10 2 ) in an ammonia atmos- 
phere at a high temperature. 

[0029] The compounding ratio of the carbon fine particles and the black titanium compound fine particles is desir- 
5 ably that the black titanium compound is in the range of from 80 to 2500 parts by weight, and preferably from 100 to 
2000 parts by weight to 1 00 parts by weight of th carbon fine particles. 

[0030] The reason for stablishing the compounding ratio of the black titanium compound is that when the com- 
pounding ratio is less than 80 parts by weight or exceeds 2500 parts by weight, the flatness of the transmission profile 
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of the low-transmission transparent layer formed is deteriorated. 

[0031] To further imparting an antistatic function and ah electric-field shielding function to the low-transmission 
transparent layer in this invention, electrically conductive oxide fine particles are added to the low-transmission trans- 
parent layer. As the electrically conductive oxide fine particles, tin antimony oxide (ATO) fine particles or indium tin oxide 
(ITO) fine particles are preferably used t in the case of using the ATOf ine particles, the film having the surface resistance 
of from about 10 8 to 10 10 Q/square can be obtained, and in the case of using the ITO fine particles, the film having the 
surface resistance of from about 10 4 to 10 6 Q/square can be obtained. 

[0032] Also, it is desirable that the compounding amount of the electrically conductive oxide fine particles are estab- 
lished in the range of from 50 to 1000 parts by weight, and preferably from 80 to 600 parts by weight to 100 parts by 
o weight of the black pigment particles. When the compounding ratio of the electrically conductive fine particles is less 
than 50 parts by weight, the addition thereof does not contribute to impart an electrical conductivity and, on the other 
hand, when the electrically conductive oxide fine particles are compounded in an amount exceeding 1000 parts by 
weight, the more improved effect of the electric conductivity cannot be obtained, which is rather undesirable from the 
point of cost. 

5 [0033] Furthermore, in the composite oxide fine particles of iron, manganese, and copper, and the carbon and 
black titanium compound fine particles as the black pigment fine particles and also the electrically conductive fine par- 
ticles used in this invention, it is necessary that the mean particle size of them is in the range of from 10 to 150 nm. 
[0034] The reason that the mean particle size of these fine particles is in the range of from 10 to 150 nm is that 
when the mean particle size thereof is less than 10 nm, the production of such fine particles is difficult and also in the 

0 case of preparing a coating composition of such fine particles, the dispersion of the fine particles is not.easy.and such 
particles have no practical use. On the other hand, when the mean particle size exceeds 150 nm, scattering of a visible 
light at th low-transmission transparent layer formed becomes large, that is, the haze value of the film is increased, 
which are unsuitable for practical use. In addition, the mean particle size in this invention means a mean particle size 
of fine particles observed by a transmission electron microscope (TEM). 

s [0035] Also, used for forming coating liquids the low-transmission transparent layer forming in this invention can be 
produced by the following methods. 

[0036] First, the composite oxide fine particles of iron, manganese, and copper or the carbon and black titanium 
compound fine particles as the black pigment fine particles are mixed with a dispersing agent and a solvent and by dis- 
. persing the mixture using a dispersing apparatus such as a paint shaker, a sand mill, an ultrasonic dispersing appara- 

1 tus, etc., a uniform black pigment fine particle dispersion is obtained. About the ATO fine particles or the ITO fine 
particles as the electrically conductive oxide fine particles, by similarly mixing and dispersing, a uniform dispersion of 
the electrically conductive oxide fine particles is obtained. 

[0037] The above-described dispersing treatment can be carried out on each fine particles singly or on the mixture 
of plural kinds of the fine particles. For example, a dispersion containing both of the black pigment fine particles and the 

? electrically conductive oxide fine particles can be obtained at the same time. By mixing the dispersion with an inorganic 
binder, which is a binder matrix component, and/or a solvent, the low-transmission transparent layer forming coating liq- 
uid in this invention can be prepared. In addition, the inorganic binder may be added at the dispersing treatment. 
[0038] In this case, as the silica sol applied to the inorganic binder, a polymer obtained by hydrolyzing an ortho-alkyi 
silicate by adding thereto water and an acid catalyst and advancing a dehydroiX)lycondensation, or a polymer obtained 

? by further applying a hydrolysis and dehydro-polycondensation to a commercially available alkyl silicate solution 
wherein a hydrolysis polycondensation has already advanced to a tetra- to pentamer can be utilized. 
[0039] In addition, when the hydro-polycondensation proceeds, the solution viscosity is increased and finally the 
solution is solidified. Accordingly, the extent of the hydro-polycondensation is controlled below the upper limit of the vis- 
cosity of the solution coatable on the transparent substrate such as a glass substrate or a plastic substrate. In this case, 

5 however, there is no restriction on the extent of the hydropolycondensation if the extent is a level lower than the above- 
described upper limit but on considering the film strength, the weather resistance of the film, etc., the extent is prefera- 
bly from about 500 to 3000 as the weight(-) average molecular weight 

[0040] Then, the low-transmission transparent layered structure of this invention is described in detail. 
[0041] First, the low-transmission transparent layered structure of this invention comprising a transparent substrate 
? and a low-transmission transparent layer formed on the transparent substrate is explained. 

[0042] In the low-transmission transparent layer, the constituting ratio of the black pigment fine particles and the 
binder matrix is that the binder matrix is from 150 to 650 parts by weight, and preferably from 250 to 500 parts by weight 
to 100 parts by weight of the black pigment fine particles. 

[0043] This is because in the black pigment fine particles used in this invention, the composite oxide fine particles 
> of iron, manganese, and copper are poor in the acid resistance and the composite oxide fine particles of iron, manga- 
nese, and copper in the low-transmission transparent layer are greatly deteriorated with, for example, acetic acid, etc., 
and also when the amount of the binder matrix is in the range of from 1 50 to 650 parts by weight, the composite oxide 
fine particles of iron, manganese, and copper are protected by the binder matrix made of silicon oxide as the main con- 
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stituent, whereby the low-transmission transparent layer shows an excellent weather resistance. Also, from the point of 
the strength of the low-transmission transparent layer, the above<Jescribed constituting ratio is also preferred. 
[0044] Also, the reason of making the range of binder matrix from 150 to 650 parts by weight is that when the binder 
matrix is less than 150 parts by weight, the protective effect of the binder matrix is insufficient, the weather resistance 

5 and the chemical resistance of the low-transmission transparent layer are deteriorated, and the strength of the low- 
transmission transparent layer is lowered, which are undesirable for the practical use. while when the amount of the 
binder matrix exceeds 650 parts by weight, the amount of the binder matrix made of silicon oxide as the main constitu- 
ent is too much and in the case of forming a relatively low transmission transparent layer having a visible light transmis- 
sion of from about 40 to 70%, there is a problem that at heat-treating the transparent layer, the transparent layer is 

to cracked and peeled off. 

[0045] Then, the formation of the low-transmission transparent layer on a transparent substrate can be carried out 
by the following method. 

[0046] A low-transmission transparent layer forming coating liquid made of. for example, a solvent and black pig- 
ment fine particles having a mean particle size of from 10 to 150 nm and an inorganic binder constituting the binder 
75 matrix dispersed in the solvent as the main constituents is coated on a transparent substrate such as a glass substrate 
or a plastic substrate by a method such as spray coating, spin coating, wire bar coating, doctor blade coating, etc., and 
after, if necessary, drying, a heat treatment is applied at a temperature of, for example, from about 50 to 500°C to form 
the low-transmission transparent layer. 

[0047] Also, a low-transmission transparent layer forming coating liquid obtained by further adding an ATO fine par- 
20 tides or an ITO fine particles as the electrically conductive oxide fine particles to the above-described low-transmission 
transparent layer forming coating liquid made of a solvent and the black pigment fine particles having a mean particle 
size of from 10 to 150 nm and the inorganic binder constituting the binder matrix may be used. 

[0048] In this case, the inorganic binder constituting the binder matrix is made of a silica sol as the main constituent 
and at heat-treating the low-transmission transparent layer, the hydro-polycondensation reaction is almost completed 
25 and the inorganic binder becomes a hard silicate film (a film made of silicon oxide as the main constituent). In addition, 
by adding magnesium fluoride fine particles, an alumina sol, a titania sol. a zirconia sol, etc.. to the above-described 
silica sol, the refractive index of the low-transmission transparent layer is controlled and the film characteristics (for 
example, reflectivity, etc.) can be changed. 

[0049] Then, the low-transmission transparent layered structure of this invention comprising a transparent sub- 
30 strate and a double layer film constituted of a low-transmission transparent layer and a transparent coat layer succes- 
sively formed on the transparent substrate is explained. 

[0050] In the low-transmission transparent substrate, the optical constant (n-ik; n: refractive index, i 2 = -1 , k: extinc- 
tion coefficient) of the black pigment fine particles has not been clarified but by the double layer film construction of the 
low-transmission transparent layer made of the black pigment fine particles or the black pigment fine particle and the 
?s electrically conductive oxide fine particles, and the binder matrix, and the transparent coat layer made of silicon oxide 
as the main constituent, good low-reflection characteristics are obtained. 

[0051] Also, because in the low-transmission transparent layered structure described above, the transparent coat 
layer made of silicon oxide as the main constituent is formed on the low-transmission transparent layer, the black pig- 
ment fine particles in the low-transmission transparent layer, such as the composite oxide fine particles of iron, manga- 

to nese, and copper are protected by the transparent coat layer, whereby the weather resistance, the chemical resistance, 
etc.. are greatly improved. For example, in the low-transmission transparent layer having not formed the transparent 
coat layer, that is made of only the composite oxide fine particles of iron, manganese, and copper without containing 
the binder matrix, when the low-transmission transparent substrate is immersed in an aqueous solution of 50% acetic 
acid for about one day, the great increase of the transmission and the change of the film color by the deterioration of the 

ts film (low-transmission transparent layer) are observed but in the low-transmission transparent layer in this invention 
having formed thereon the transparent coat layer, the low-transmission transparent layer is scarcely changed in the 
same immersion test and shows an excellent weather resistance. 

[0052] Also, the formation of the double layer film on the transparent substrate can be carried out by the following 
method. 

o [0053] A low-transmission transparent layer forming coating liquid made of, for example, a solvent and black pig- 
ment fine particles having a mean particle size of from 10 to 150 nm in the solvent as the main constituents is coated 
on a transparent substrate such as a glass substrate or a plastic substrate by a method such as spray coating, spin 
coating, wire bar coating, doctor blade coating, etc., and after, if necessary, drying, a coating liquid for forming a trans- 
parent coat layer forming coating liquid made of a silica sol as the main constituent is over-coated thereon by the 

s method described above. As the silica sol. the same one as the silica sol used for the inorganic binder can be used. 
[0054] Then, after over-coating, the over-coated coating liquid for forming a transparent coat layer is cured by 
applying a heat treatment at a temperature of, for example, from about 50 to 500°C to form the double layer film. 
[0055] In this case, at the case of over-coating the transparent coat layer forming coating liquid made of a silica sol, 
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etc., as the main constituent by the above-described method, the over-coated silica sol liquid (the silica sol liquid 
becomes the binder matrix made of silicon oxide as the main constituent by the heat treatment) permeate into fine gaps 
of the composite oxide fine particle layer formed by previously coating the low-transmission transparent layer forming 
coating liquid made of the black pigment fine particles as the main constituent, whereby the improvement of the strength 

r and the more improvement of the weather resistance are simultaneously attained. 

[0056] Also, in the formation step of the low-transmission transparent layer, a low-transmission transparent layer 
forming coating liquid obtained by adding a silica sol liquid as the inorganic binder component constituting the binder 
matrix and/or the ATO fine particles or the ITO fine particles as the electrically conductive oxide fine particles to the low- 
transmission transparent layer forming coating liquid made of a solvent and the black pigment fine particles having a 

o mean particle size of from 1 0 to 1 50 nm dispersed in the solvent may be used, in this case, as described above, by per- 
meation of the over-coated silica sol liquid into the fine gaps of the black pigment fine particles and the silica sol and/or 
the electrically conductive oxide fine particles, the improvement of the strength and the more improvement of the 
weather resistance are simultaneously attained. 

[0057] Also, the silica sol liquid becomes a hard silicate film (a film made of silicon oxide as the main constituent) 
5 by almost accomplishing the hydro-polycondensation reaction at heat-treating the double layer film. In addition, by add- 
ing magnesium fluoride fine particles, an alumina sol, a titania sol. a zirconia sol, etc., to the silica sol, the refractive 
index of the transparent coat layer is controlled and the reflectivity of the double layer fHm can be changed. 
[0058] As described above, in the low-transmission transparent layered structure of this invention, the principal part 
thereof is constituted of (1) or (2) below. 

o 

(1) A transparent substrate such as a glass substrate, a plastic substrate, etc., and a low-transmission transparent 
layer made of the black pigment fine particles having a mean particle size of from 10 to 150 nm and the binder 
matrix, or the black pigment fine particles having a mean particle size of from 1 0 to 1 50 nm, the electrically conduc- 
tive oxide fine particles having a mean particle size of from 1 0 to 150 nm, and the binder matrix formed on the trans- 

s parent substrate. 

(2) A transparent substrate such as a glass substrate, a plastic substrate, etc., and a double layer film comprising 
the first layer of the low-transmission transparent layer made of the black pigment fine particles having a mean par- 
ticle size of from 1 0 to 1 50 nm, or the black pigment fine particles having a mean particle size of from 1 0 to 1 50 nm 
and the electrically conductive oxide fine particles having a mean particle size of from 1 0 to 1 50 nm, and the binder 

> material as the main constituent(s), and the second layer of the transparent coat layer formed on the low-transmis- 
sion transparent layer successively formed on the transparent substrate. 

[0059] Also, according to the low : transmission transparent layered structure of this invention of the above- 
described construction (1 ), the visible light transmission of the low-transmission transparent layer is from 40 to 90%, the 
' standard deviation of the transmission of the low-transmission transparent layer in each wavelength at every 5 nm of a 
visible light region (380 to 780 nm) can be reduced to 5% or lower, and when the low-transmission transparent layer 
contains the electrically conductive fine particles, the surface resistance of the low-transmission transparent layer can 
be maintained in the range between 1 0 4 and 1 0 10 n/square. 

[0060] Also, according to the low-transmission transparent layered structure of this invention of the above- 
» described constitution (2), the visible light transmission of the double layer film is from 40 to 90%, the standard deviation 
of the transmission of the low-transmission transparent layer in each wavelength at every 5 nm of a visible light region 
(380 to 780 nm) can be reduced to 5% or lower, and also when the low-transmission transparent layer as the first layer 
contains the electrically conductive oxide fine particles, the surface resistance of the low-transmission transparent layer 
can be maintained in the range between 10 4 and 10 10 Q/square, and further, the reflectance of the low-transmission 

* transparent layer, which becomes minimum in the reflection profile of a visible light region can be reduced to 3% or 
lower. 

[0061] As described above, the low-transmission transparent layered structure of this invention has a very flat 
transmission profile as compared with those of relates arts and thus can be suitably used as a front plate of a display 
device such as cathode ray tube (CRT), etc. 

• [0062] The examples of this invention are practically described below together with comparative examples but the 
invention is not limited to these examples. Also, "%" therein is "% by weight" except the of a transmission, a reflec- 
tivity, and a haze vale and all "parts" therein, unless otherwise indicated, are "parts by weight". 

[0063] In addition, in the tables and the figures described hereinbelow, the transmission (A) of the low-transmission 
transparent layer only without containing the transparent substrate (glass substrate) in each wavelength every 5 nm of 
a visible light wavelength region (380 to 780 nm) is obtained according to the following formula 1 . and the transmission 
(B) of the double layer film constituted of the low-transmission transparent layer and the transparent coat layer without 
containing the transparent substrate (glass substrate) is obtained according to the following formula 2; 
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A(%) = [C/D] x 100 1 

A: The transmission of the low-transmission transparent layer without containing the transparent substrate. 
C: The transmission of the low-transmission transparent layer together with the transparent substrate. 
s D: The transmission of the transparent substrate. 

B(%) = [CVD] x 100 2 

B: The transmission of only the double layer film without containing the transparent substrate. 
10 C: The transmission of the double layer film together with the transparent substrate. 
D: The transmission of the transparent substrate. 

[0064] Also, unless particularly indicated, the transmission and the transmission profile used are for only the low- 
transmission transparent layer without containing the transparent substrate or for only the double layer film constituted 

15 of the low-transmission transparent layer and the transparent coat layer without containing the transparent substrate. 
[0065] Furthermore, the haze value and the visfole light transmission were measured together with the transparent 
substrate using a haze meter (HR-200) manufactured by Murakami Color Research Laboratory, the reflectance and the 
reflection transmission profiles were measured using a spectrophotometer (U-4000) manufactured by Hitachi, Ltd., the 
dispersed particle size (diameter) of black pigment fine particles in the dispersion thereof was measured using a laser 

20 scattering particle size analyser (ELS-800) manufactured by Otsuka Electronics Co., Ltd. the particle size (diameter) of 
biack pigment fine particles was measured by a transmission electron microscope manufactured by JEOL LTD., and the 
surface resistance of the low-transmission transparent layer was measured using a surface resistance meter, Hal ester 
IP (MCT-HT260) and Loresta AP (MCP-T400) manufactured by Mitsubishi Chemical Corporation. 

25 Example 1 

[0066] After mixing 16.0 g of composite oxide fine particles of iron, manganese, and copper (TMB #3550. trade 
name, manufactured by DAINICHISEIKA COLOR & CHEMICALS MFG. CO.. LTD.) with 3.2 g of a dispersing agent and 
60.8 g of pure water, the mixture was dispersed with zirconia beads by a paint shaker to obtain a dispersion (Bqiid A) 
30 of composite oxide fine particles of iron, manganese, and copper having a dispersed particle size of 104 nm. 

[0067] Then, using 19.6 parts of methyl silicate 51 (trade name, manufactured by Colcoat Co., Ltd.), 70.3 parts of 
ethanol, 7.9 parts of an aqueous 1% nitric acid solution, and 2.2 parts of pure water, a silica sol liquid (liquid B) having 
an Si0 2 (silicon oxide) solid content concentration of 10% and a weight average molecular weight of 1360 was 
obtained. 

35 [0068] Then, by adding ethanol (EA), isopropyl alcohol (IPA), and propylene glycol monomethyl ether (PGM) to a 
mixture of 0.35 g of the liquid A and 1.4 g of the liquid B, a low-transmission transparent layer forming coating liquid 
containing the composite oxide fine particles of iron, manganese, and copper and an inorganic binder (Fe-Mn-Cu-O: 
0.70%, SiG 2 : 1.40%, water: 40.08%, EA: 54.47%, IPA: 7.87%. and PGM: 30%) was prepared. 
[0069] As the result of observing the low-transmission transparent layer forming coating liquid containing the com- 

io posrte oxide fine particles of iron, manganese, and copper observed by a transmission electron microscope, the mean 
particle size of the composite oxide fine particles of iron, manganese, and copper was 55 nm. 

[0070] Then, after coating the low-transmission transparent layer forming coating liquid containing the composite 
oxide fine particles of iron, manganese, and copper and the inorganic binder on a glass substrate (soda lime glass of 3 
mm in thickness) heated to 40°C by spin coating (150 rpm, 60 seconds), the coated layer was further cured at 180°C 
ts for 30 minutes to obtain the glass substrate having formed thereon a low-transmission transparent layer containing the 
composite oxide fine particles of iron, manganese, and copper and the binder matrix, that is, the low-transmission trans- 
parent layered structure of Example 1 . 

[0071] Also, the film characteristics (the transmission, the standard deviation of transmission, and the haze value) 
of the low-transmission transparent layer formed on the glass substrate are shown in Table 1 described below. In addi- 
?o tion, the transmission profile of the low-transmission transparent layer formed in Example 1 is shown in Fig. 1 and Fig. 3. 

Example 2 

[0072] By following the same procedure as Example 1 except that using 0.35 g of the liquid A and 2.10 g of the liq- 
>5 uid B prepared in Example 1 , a low-transmission transparent layer forming coating liquid containing the composite oxide 
fine particles of iron, manganese, and copper and the inorganic binder (Fe-Mn-Cu-O: 0.70%, Si0 2 : 2.10%. water: 
4.78%, EA: 53.44%, iPA: 6.82%, and PGM: 30%) was prepared, a glass substrate having formed thereon a low-trans- 
mission transparent layer containing the composite oxide fine particles of iron, manganese, and copper and the binder 
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matrix, that is, the low-transmission transparent layered structure of Example 2 was obtained. 

[0073J Also, the film characteristics of the low-transmission transparent layer formed on the glass substrate are 
shown in Table 1 below. Also, the transmission profile of the low-transmission transparent layer in Example 2 produced 
is shown in Fig. 4. 



Example 3 



[0074] By following the same procedure as Example 1 except that using 0.35 g of the liquid A and 2.80 g of the liq- 
uid B prepared in Example 1 , a low-transmission transparent layer forming coating liquid containing the composite oxide 
? fine particles of iron, manganese, and copper and the inorganic binder (Fe-Mn-Cu-O: 0.70%. Si0 2 : 2.80%, water: 
5.48%. EA: 52.41%, IPA: 5.77%, and PGM: 30%) was prepared, a glass substrate having formed thereon a low-trans- 
mission transparent layer containing the composite oxide fine particles of iron, manganese, and copper and the binder 
matrix, that is, the low-transmission transparent layered structure of Example 3 was obtained. 

[0075] Also, the film characteristics of the low-transmission transparent layer formed on the glass substrate are 
? shown in Table 1 below. Also, the transmission profile of the low-transmission transparent layer in Example 3 produced 
is shown in Fig. 5. 



Comparative Example 1 



[0076] By following the same procedure as Example 1 except that using carbon fine particles (MA- 7 ; trade name, 
manufactured by Mitsubishi Chemical Corporation) were used in place of the composite oxide fine particles of iron,' 
manganese, and copper in Example 1, a low-transmission transparent layer forming coating liquid containing the car- 
bon fine particles and the inorganic binder (carbon: 0.30%, Si0 2 : 0.60%, water: 3.88%, EA: 4.21%, IPA: 88.66%, and 
PGM: 5.0%) was prepared, a glass substrate having formed thereon a low-transmission transparent layer containing 
the carbon fine particles and the binder matrix, that is, the low-transmission transparent layered structure of Compara- 
tive Example 1 was obtained. 

[0077] Also, the film characteristics of the low-transmission transparent layer formed on the glass substrate are 
shown in Table 1 below. Also, the transmission profile of the low-transmission transparent layer in Comparative Example 

1 produced is shown in Fig. 1 . 

Comparative Example 2 

[0078] By following the same procedure as Example 1 except that using 0.35 g of the liquid A and 0.70 g of the liq- 
uid B prepared in Example 1 , a low-transmission transparent layer forming coating liquid containing the composite oxide 
fine particles of iron, manganese, and copper and the inorganic binder (Fe-Mn-Cu-O: 0.70%, Si0 2 : 0.70%, water- 
2.88%, EA: 55.50%, IPA: 8.92%, and PGM: 30.0%) was prepared, a glass substrate having formed thereon a low-trans- 
missjon transparent layer containing composite oxide fine particles of iron, manganese, and copper and the binder 
matrix, that is. the low-transmission transparent layered structure of Comparative Example 2 was obtained. 
[0079] Also, the film characteristics of the low-transmission transparent layer formed on the glass substrate are 
shown in Table 1 below. Also, the transmission profile of the low-transmission transparent layer in Comparative Example 

2 produced is shown in Fig. 6. 



Comparative Example 3 



[0080] The same procedure as Example 1 was followed except that using 0.35 g of the liquid A and 4.90 g of the 
liquid B prepared in Example 1, a low-transmission transparent layer forming coating liquid containing the composite 
oxide fine particles of iron, manganese, and copper and the inorganic binder (Fe-Mn-Cu-O: 0.70%, Si0 2 : 4.90%, water* 
7.58%, EA: 49.32%, IPA: 2.63%, and PGM: 30.0%) was prepared, but because the low-transmission transparent layer 
was peeled off from the glass substrate at a heating treatment at 180°C for 30 minutes after spin coating the layer, a 
low-transmission transparent layered structure could not be obtained. 
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Table 1 





Kind of fine particles 


Amount of binder 
matrix (*1) 


Visible light trans- 
mission (%) 


Standard deviation 
of transmission (*2) 


Haze value (%) 


E1 


Fe-Mn-Cu-O 


200 


57.9 


3.84 


0.8 


E2 


Fe-Mn-Cu-O 


300 


57.4 


3.36 


0.6 


E3 * 


Fe-Mn-Cu-O 


400 


58.0 


3.78 


0.6 


CE1 


Carbon 


200 


57.2 


6.55 


1.0 


CE2 


Fe-Mn-Cu-O 


100 


59.9 


3.28 


1.0 


CE3 


Fe-Mn-Cu-O 


700 


peel*3 


peel*3 


peel*3 


E: Example, CE: Comparative Example 



*1 : Weight parts of the binder matrix to 100 parts by weight of the composite oxide fine particles ol iron, manganese, and 
copper. 

*2: Standard deviation (%) to the transmission (%) of only the low-transmission transparent layer only without containing the 
transparent substrate in each wavelength every 5 nm of a visfole light wavelength region (380 to 780 nm). 
*3: The measurement was impossible because the film was peeled off from the .transparent substrate. 



[Weather resistance test] 

?5 [0081] Each of the low-transmission transparent layered structures obtained in Examples 1 to 3 and the low-trans- 
mission transparent layered structure obtained in Comparative Example 2 was immersed in an aqueous solution of 
10% sodium chloride and an aqueous solution of 5% ammonia for 24 hours and the transmission and the appearance 
of the each low-transmission transparent layer formed on the transparent substrate (glass substrate) were investigated, 
but the changes were not observed in each case. Then, the similar test was carried out using an aqueous solution of 

w 50% acetic acid and the results are shown in Table 2 below. 



Table 2 





Visible Light Transmission (%) 


low-transmission trans- 
parent layer 




Initial value 


Value after immersing in 
aqueous 50% acetic acid 
solution 




Example 1 


57.9 


60.8 


No change 


Example 2 


57.4 


57.9 


No change 


Example 3 


58.0 


58.6 


No change 


Comparative Example 2 


59.9 


83.4 


Brownish discolored 



Example 4 

[0082] After mixing 16 g of composite oxide fine particles of iron, manganese, and copper (TMB #3550, trade 
o name, made by DAINICHISEIKA COLOR & CHEMICALS MFG. CO., LTD.) with 32 g of a dispersing agent and 60.8 g 
of pur water, the mixture was dispersed with zirconia beads in a paint shaker to obtain a dispersion (liquid C) of the 
composrt fine particles of iron, manganese, and copper having a dispersed particle size of 92 nm. 
[0083] By adding EA. IPA, and PGM to the liquid C, a coating liquid of the composite oxide fine particles of iron, 
manganese, and copper (Fe-Mn-Cu-O: 0.70%, water: 2.7%. EA: 56.5%, IPA: 10.0%. and PGM: 30.0%) was prepared. 
5 [0084] As the result of observing the coating liquid of the composite oxide fine particles of iron, manganese, and 
copper by a transmission electron microscope, the mean particle size of the composite oxide fine particles of iron, man- 
ganese, and copper was 48 nm. 

[0085] Then, after coating a low-transmission transparent layer forming coating liquid containing composite oxide 
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fine particles of iron, manganese, and copper on a glass substrate (soda lime glass of 3 mm in thickness) heated to 
40°C by spin coating (150 rpm, 120 seconds), a silica sol liquid was successively coated thereon by spin coating (150 
rpm. 60 seconds), and the coated layers were heated at 180°C for 30 minutes to obtain the glass substrate having 
formed thereon a double layer film constituted of a low-transmission transparent layer containing composite oxide fine 

•> particles of iron, manganese, and copper and a transparent layer composed of a silicate film made of silicon oxide as 
the main constituent, that is, the low-transmission transparent layered structure of Example 4. 
[0086] In this case, the silica sol liquid described above was obtained by preparing a silica sol liquid having a Si0 2 
(silicon oxide) solid content concentration of 10% and a weight(-)average molecular weight of 1940 using 19.6 parts of 
methyl silicate 51 (trade name, manufactured by Colcoat Co., Ltd.), 57.8 parts of ethanol, 7.9 parts of an aqueous solu- 

o tion of 1% nitric add, and 14.7 parts of pure water, and finally diluting the liquid with a mixture of IPA and n-butanol 
(NBA) (I PA/NBA = 3/1) so that the Si0 2 solid content concentration became 1.0%. 

[0087] Also, the film characteristics (the surface resistance, the transmission, the standard deviation of the trans- 
mission, the haze value, and bottom reflectance/bottom wavelength) of the double layer film formed on the glass sub- 
strate are shown in Table 3 below. 
5 [0088] In addition, the term "bottom reflectance" described above means the minimum reflectance of a low-trans- 
mission transparent layered structure in the reflection profile and the term "bottom wavelength* means the wavelength 
in the minimum reflectance. Also, the reflection profile of the low-transmission transparent layered structure obtained in 
Example 4 is shown in Fig. 2 and Fig. 8 and the transmission profile thereof is shown in Fig. 7 and Fig. 9. 

o Example 5 



[0089] By following the same procedure as Example 4 except that curing was carried out at 450°C for 30 minutes, 
a glass substrate having formed thereon a double layer film constituted of a low-transmission transparent layer contain- 
ing composite fine particles of iron, manganese, and copper and a transparent coat layer composed of a silicate film 
5 made of silicon oxide as the main constituent, that is. the low-transmission transparent layered structure of Example 5 
was obtained. 

[0090] Also, the film characteristics of the double layer film formed on the glass substrate are shown in Table 3 
below. Furthermore, the reflection profile of the low-transmission transparent layered structure of Example 5 produced 
is shown in Fig. 10 and the transmission profile thereof is shown in Fig. 1 1 . 

o 

Example 6 

[0091 ] By following the same procedure as Example 4 except that by mixing 0.35 g of the liquid C of Example 4 and 
0.7 g of the liquid B in Example 1 , a coating liquid having dispersed therein composite oxide fine particles of iron, man- 

5 ganese, and copper having a dispersed particle size of 98 nm (Fe-Mn-Cu-O: 0.70%, Si0 2 : 0.70%, water: 3.40%. EA: 
55.60%, IPA: 8.90%, and PGM: 30.0%) was prepared, a glass substrate having formed thereon a double layer fflm con- 
stituted of a low-transmission transparent layer containing the composite oxide fine particles of iron, manganese, and, 
copper and a transparent coat layer composed of a silicate film made of silicon oxide as the main constituent, that is. 
the low-transmission transparent layered structure of Example 6 was obtained. 

? [0092] The film characteristics of the double layer film formed on the glass substrate are shown in Table 3 below. 
Also, the reflection profile of the low-transmission transparent layered structure of Example 6 produced is shown in Fig. 
12 and the transmission profile thereof is shown in Fig. 13. 

Comparative Example 4 

[0093] By following the same procedure as Example 4 except that using carbon fine particles (MA-7, trade name, 
manufactured by Mitsubishi Chemical Corporation) in place of the composite oxide fine particles of iron, manganese, 
and copper in Example 4. a low-transmission transparent layer forming coating liquid having dispersed therein the car- 
bon fin particles having a dispersed particle size of 40 nm (carbon: 0.30%. EA: 57.0%, IPA: 12.70%, and PGM: 30.0%) 
> was prepar d. a glass substrate having formed thereon a double layer film constituted of a low-transmission transparent 
layer containing the carbon fine particles and a transparent coat layer composed of a silicate film made of silicon oxide 
as the main constituent that is, the low-transmission transparent layered structure of Comparative Example 4 was 
obtained. 

[0094] Also, the film characteristics of the low-transmission transparent layer formed on the glass substrate are 
* shown in Table 3 below. Also, the reflection profile of the low-transmission transparent layered structure of Comparative 
Example 4 produced is shown in Fig. 2. and the transmission profile thereof is shown in Fig. 7. 
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Comparative Example 5 

[0095] By following the same procedure as Example 4 except thai the transparent coat layer composed of the sili- 
cate film made of silicon oxide as the main constituent in Example 4 was not formed, a glass substrate having formed 
thereon a low-transmission transparent layer made of a single layer film constituted of a low-transmission transparent 
layer containing composite oxide fine particles of iron, manganese, and copper, that is, the low-transmission transpar- 
ent layered structure of Comparative Example 5 was obtained. 

[0096] Also, the film characteristics of the low-transmission transparent layer formed on the glass substrate are 
shown in Table 3 below. Also, the reflection profile of the low-transmission transparent layered structure of Comparative 
Example 5 produced is shown in Fig. 14, and the transmission profile thereof is shown in Fig. 15. 



Table 3 





Kind of fine particles 


Transmission of visi- 
ble light (%) 


Standard deviation 
of transmission (*4) 


Haze value (%) 


Bottom reflectance 
(%)ybottom wave- 
length (nm) 


E4 


Fe-Mn-Cu-O 


62.7 


3.55 


0.6 


0.29/590 


E5 


Fe-Mn-Cu-O 


62.4 


2.88 


0.6 


0.13/520 


E6 


Fe-Mn-Cu-O 


60.2 


3.78 


to 




CE4 


Carbon 


57.1 


8.94 


0.6 


0.29/620 


CE5 


Fe-Mn-Cu-O 


58.9 


2.58 


1.0 




E: Example. CE: Comparative Example 



*4: Standard deviation (%) to the transmission (%) of the double layer film only or the single layer film only without containing 
the transparent substrate in each wavelength every 5 nm of a vistole light wavelength region (380 to 780 nm). 



[Weather resistance test] 

[0097] Each of the low-transmission transparent layered structures obtained in Examples 4 to 6 and the low-trans- 
mission transparent layered structure obtained in Comparative Example 5 was immersed in an aqueous solution of 
10% sodium chloride and an aqueous solution of 5% ammonia for 24 hours and the transmission and the appearance 
of the each low-transmission transparent layer formed on the transparent substrate (glass substrate) were investigated 
but the changes were not observed in each case. Then, the similar test was carried out using an aqueous solution of 
50% acetic acid and the results are shown in Table 4 below. 



Table 4 





Visible Light Transmission (%) 


Appearance of double 
layer film or single layer 
film 




Initial value 


Value after immersing in 
aqueous 50% acetic acid 
solution 




Example 4 


62.7 


64.9 


No change 


Example 5 


62.4 


68.2 


No change 


Example 6 


60.2 


62.0 


No change 


Comparative Example 5 


58.9 


87.5 


Brownish discolored 



Example 7 

[0098] Titanium hydroxide obtained by hydrdyang titanium chloride with an aqueous alkali solution was treated in 
an ammonia gas at 800°C to obtain black titanium oxynitride fine particles (nitrogen: 15.5%). 
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[0099] After mixing 8 g of the black titanium oxynitride fine particles with 1 .6 g of a dispersing agent and 70.4 g of 
pure water, the mixture was dispersed with zirconium beads in a paint shaker to obtain a dispersion (liquid D) of the 
black titanium oxynitride fine particles having a dispersed particle size of 135 nm. 

[0100] Then, after mixing 8 g of carbon fine particles (MA-7, trade name, manufactured by Mitsubishi Chemical 
Corporation) with 1 .2 g of a dispersing agent and 70.80 g of IPA. the mixture was dispersed with zirconia beads in a 
paint shaker to obtain a dispersion (liquid E) of the carbon fine particles having a dispersed mean size of 100 nm. 
[0101] By adding EA, IPA, and PGM to a mixture of 0.60 g of the liquid D and 0.32 g of the liquid E, a low- trans- 
mission transparent layer forming coating liquid a containing the carbon fine particles and the black titanium compound 
fine particles (carbon: 0.16%, black titanium oxynitride: 0.30%, water: 2.64%, EA: 55.59%, IPA: 11.23%, and PGM: 
o 30.0%) was prepared. 

[0102] As the result of observing the low-transmission transparent layer forming coating liquid containing the car- 
bon fine particles and the black titanium compound fine particles obtained by a transmission electron microscope, the 
mean particle size of each of the carbon fine particles and the black titanium fine particles was 40 nm and 55 nm, 
respectively. 

5 [0103] TTien, by following the same procedure as Example 4 except that the low-transmission transparent layer 
forming coating liquid containing the carbon fine particles and the black titanium compound fine particles was used, a 
glass substrate having formed thereon a double layer film constituted of the low-transmission transparent layer contain- 
ing the carbon fine particles and the black titanium compound fine particles and a transparent coat layer composed of 
a silicate layer made of silicon oxide as the main constituent, that is, the low-transmission transparent layered structure 

o of Example 7 was obtained. 

[0104] Also, the film characteristics (the surface resistance, the transmission, the standard deviation of the trans- 
mission, the haze value, and bottom reflectancefoottom wavelength) of the double layer film formed on the glass sub- 
strate are shown in Table 5 below. Also, the reflection profile of the low-transmission transparent layered structure of 
Example 7 is shown in Fig. 16 and Fig. 18, and the transmission profile thereof is shown in Fig. 17 and Fig. 19. 

5 

Example 8 

[0105] By following the same procedure as Example 7 except that using 0.45 g of the liquid D and 0.08 g of the liq- 
uid E each prepared in Example 7, a low-transmission transparent layer forming coating liquid containing the carbon 

o fine particles and the black titanium compound fine particles (carbon: 0.08%, black titanium oxynitride: 0.45%, water: 
3.96%, EA: 55.0%. IPA: 10.41%, and PGM: 30.0%) was prepared, a glass substrate having formed thereon a double 
layer film constituted of a low-transmission transparent layer containing the carbon fine particles and the black titanium 
compound fine particles and a transparent coat layer composed of a silicate film made of silicon oxide as the main con- 
stituent, that is, the low-transmission transparent layered structure of Example 8 was obtained. 

s [0106] Also, the film characteristics of the doifcle layer film formed on the glass substrate are shown in Table 5 
below. Also, the reflection profile of the low-transmission transparent layered structure of Example 8 is shown in Fig. 20 
and the transmission profile thereof is shown in Fig. 21 . 

Example 9 

3 

[0107] By following the same procedure as Example 7 except that after mixing 8 g of black titanium sub-oxide 
(Tilack D, trade name, manufactured by Ako Kasei Co., Ltd.) with 0.7 g of a dispersing agent and 71.3 g of diacetone 
alcohol (DAA), the mixture was dispersed with zirconia beads in a paint shaker to obtain a dispersion (liquid F) of the 
black titanium oxide fine particles having a dispersed particle size of 125 nm, and using 1 .8 g of the liquid F and 0.08 g 

> of the liquid E, a low-transmission transparent layer forming coating liquid containing the carbon fine particles and the 
black titanium compound fine particles (carbon: 0.08%, black titanium oxide: 1.80%, EA: 43.52%, IPA: 8.39%, DAA: 
16.04%, and PGM: 30.0%) was prepared, a glass substrate having formed thereon a double layer film constituted of a 
low-transmission transparent layer containing the carbon fine particles and the black titanium compound fine particles 
and a transparent coat layer composed of a silicate film made of silicon oxide as the main constituent, that is, the low- 

? transmission transparent layered structure of Example 9 was obtained. 

[0108] Also, the film characteristics of the double layer film formed on the glass substrate are shown in Table 5 
below. Also, the reflection profile of the low-transmission transparent layered structure of Example 9 is shown in Fig. 22 
and the transmission profile thereof is shown in Fig. 23. 

> Example 10 

[01 09] By following the same procedure as Example 7 except that by mixing 0.3 g of the liquid D and 0. 1 6 g of th 
liquid E in Example 7 with 0.46 g of the liquid B in Example 1 , a low- transmission transparent layer forming coating liq- 
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ukJ containing the carbon fine particles, the black titanium compound fine particles, and the silica sol (carbon: 0.16%. 
black titanium oxynitride: 0.30%. Si0 2 : 0.46%. water: 3.10%, EA: 54.91%, IPA: 10.54%, and PGM: 30.0%) was pre- 
pared, a glass substrate having formed thereon a double layer film constituted of a low-transmission transparent layer 
containing the carbon fine particles and the black titanium compound fine particles and a transparent coat layer com- 
posed of a silicate film made of silicon oxide as the main constituent, that is, the low-transmission transparent layered 
structure of Example 10 was obtained. 

[0110] Also, the film characteristics of the double layer film formed on the glass substrate are shown in Table 5 
below. Also, the reflection profile of the low-transmission transparent layered structure of Example 10 is shown in Fig. 
24 and the transmission profile thereof is shown in Rg. 25. 

Comparative Example 6 

[01 1 1 ] By following the same procedure as Example 7 except that using carbon fine particles (MA-7. trade name, 
manufactured by Mitsubishi Chemical Corporation) in place of the carbon fine particles and the black titanium com- 
pound fine particles used in Example 7. a low-transmission transparent layer forming coating liquid having dispersed 
therein the carbon fine particles having a dispersed particle size of 40 nm (carbon: 0.32%. EA: 56.78%, IPA. 1 1 .95%, 
and PGM: 30.0%) was prepared, a glass substrate having formed thereon a double layer film constituted of a low-trans- 
mission transparent layer containing the carbon fine particles and a transparent coat layer composed of a silicate film 
made of silicon oxide as the main constituent, that is, the low-transmission transparent layered structure of Comparative 
Example 6 was obtained. 

[0112] Also, the film characteristics of the double layer fiim formed on the glass substrate are shown in Table 5 
below. Also, the reflection profile of the low-transmission transparent layered structure of Comparative Example 6 is 
shown in Fig. 16 and the transmission profile thereof is shown in Fig. 17. 

Comparative Example 7 

[01 1 3] By following the same procedure as Example 7 except that using the black titanium oxynitride fine particles 
used in Example 7 in place of the carbon fine particles and the black titanium compound fine particles in Example 7. a 
low-transmission transparent layer forming coating liquid having dispersed therein the black titanium oxynitride fine par- 
ticles having a dispersed particle size of 55 nm (black titanium oxynitride fine particles: 0.60%, water: 5.28%, EA: 
54.40%. IPA: 9.60%, and PGM: 30.0%) was prepared, a glass substrate having formed thereon a double layer film con- 
stituted of a low-transmission transparent layer containing the black titanium oxynitride fine particles and a transparent 
coat layer composed of a silicate film made of silicon oxide as the main constituent, that is. the low-transmission trans- 
parent layered structure of Comparative Example 7 was obtained. 

[0114] Also, the film characteristics of the double layer film formed on the glass substrate are shown in Table 5 
below. Also, the reflection profile of the low-transmission transparent layered structure of Comparative Example 7 is 
shown in Fig. 1 6 and the transmission profile thereof is shown in Fig. 17. 

Comparative Example 8 

[01 1 5] By following the same procedure as Example 7 except that using 0. 1 5 g of the liquid D and 0.24 g of the liq- 
uid E each prepared in Example 7. a low-transmission transparent layer forming coating liquid containing the carbon 
fine particles and the black titanium compound fine particles (carbon: 0.24%. black titanium oxynitride: 0.15%. water: 
1 .32%. EA: 56.19%. IPA: 12.04%, and PGM: 30.0%) was prepared, a glass substrate having formed thereon a double 
layer f ilm constituted of a low-transmission transparent layer containing the carbon fine particles and the black titanium 
compound fine particles and a transparent coat layer composed of a sOicate film made of silicon oxide as the main con- 
stituent, that is. the low-transmission transparent layered structure of Comparative Example 8 was obtained. 
[0116] Also, the film characteristics of the double layer film formed on the glass substrate are shown in Table 5 
below. Also, the reflection profile of the low-transmission transparent layered structure of Comparative Example 8 is 
shown in Fig. 26 and the transmission profile thereof is shown in Fig. 27. 

Comparative Example 9 

[01 1 7] By following the same procedure as Example 7 except that the formation of the transparent coat layer com- 
posed of the silicate film made of silicon oxide as the main constituent in Example 7 was not carried out. the glass sub- 
strate having formed thereon a low-transmission transparent layer made of a single layer film containing the carbon fine 
particles and the black titanium compound fine particles, that is. the low-transmission transparent layered structure of 
Comparative Example 9 was obtained. 
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[0118] Also, the film characteristics of the single layer film formed on the glass substrate are shown in Table 5 
below. Also, the reflection profile of the low-transmission transparent layered structure of Comparative Example 9 is 
shown in Fig. 28 and the transmission profile thereof is shown in Fig. 29. 
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[Weather resistance test] 

[0119] Each of the low-transmission transparent layered structures obtained in Examples 7 to 10 was immersed in 
an aqueous solution of 10% sodium chloride, an aqueous solution of 50% acetic acid, and an aqueous solution of 5% 
ammonia for 24 hours, and the transmission and the appearance of the each low-transmission transparent layer formed 
on the transparent substrate (glass substrate) were investigated but the changes were not observed in each case. 

[Film strength test] 

[0120] The film strength of each of the low-transmission transparent layered structures obtained in Examples 7 to 
10 and Comparative Example 9 was evaluated by a pencil hardness test (load 1 kg) and the results are shown in Table 
6 betow. 



Table 6 





Pencil Hardness 


Example 7 


7H 


Example 8 


7H 


Example 9 


7H 


Example 10 


7H 


Comparative Example 9 


<H 



Example 1 1 

[0121] After mixing 20.0 g of the ATO fine particles having a mean particle size of 10 nm (SN-100R trade name, 
manufactured by ISHIHARA SANGYO KAISHA, LTD.) with 1.1 g of a dispersing agent and 78.9 g of EA, the mixture 
was dispersed with zirconia beads in a paint shaker to obtain a dispersion (liquid G) of the ATO fine particles having a 
dispersed particle size of 45 nm. ' 

[0122] By adding 0.4 g of the liquid A in Example 1 , 4.8 g of the liquid B in Example 1 . EA, and IPA to 1 .68 g of the 
liquid G, a low-transmission transparent layer forming coating liquid containing the composite oxide fine particles of 
iron, manganese, and copper, the ATO fine particles, and the inorganic binder (Fe-Mn-Cu-0: 0.80%, ATO: 3.36%, Si0 2 : 
4.80%, water: 7.3%, EA: 72. 1%, and IPA: 1 1 .6%) was prepared. 

[0123] Then, by following the same procedure as Example 1 using the low-transmission transparent layer forming 
coating liquid obtained, a glass substrate having formed thereon a low-transmission transparent layer, that is. the low- 
transmission transparent layered structure of Example 1 1 was obtained. 

[0124] Also, the film characteristics of the low-transmission transparent layer formed on the glass substrate are 
shown in Table 7 below. 

Example 12 

[0125] By adding PGM and DAA to the mixture of 0.43 g of the liquid G in Example 1 1 and 0.4 g of the liquid A in 
Example 1 , a low-transmission transparent layer forming coating liquid containing the composite oxide fine particles of 
iron, manganese, and copper and the ATO fine particles (Fe-Mn-Cu-O: 0.8%. ATO: 0.86%. water: 2.5%. EA: 3.4%, 
PGM : 87.4%, and DAA: 5.0%) was prepared. 

[0126] Then, by following the same procedure as Example 4 using the low-transmission transparent layer forming 
coating liquid containing the composite oxide fine particles of iron, manganese, and copper and the ATO fine particles, 
a glass substrate having formed thereon a double layer film constituted of the low-transmission transparent layer con- 
taining the composite oxide fine particles of iron, manganese, and copper and the ATO fine particles and a transparent 
coat layer composed of a silicate film made of silicon oxide as the main constituent, that is. the low-transmission trans- 
parent layered structure of Example 12 was obtained. 

[0127] Also, the film characteristics of the double layer film formed on the glass substrate are shown in Table 7 
below. 



<EP 1 020891 A2_l_> 



18 



EP 1 020 891 A2 



Example 13 

[0128] By following the same procedure as Example 12 except that using 0.6 g of the liquid G in Example 12 and 
0.25 g of the liquid A in Example 1 , a low-transmission transparent layer forming coating liquid containing the composite 
oxide fine particles of iron, manganese, and copper and the ATO fine particles (Fe-Mn-Cu-0: 0.5%, ATO: 1 .2%. water: 
1.5%. EA: 4.7%. PGM: 87.1%. and DAA: 5.0%) was prepared, a glass substrate having formed thereon a double layer 
film constituted of the low-transmission transparent layer containing the composite oxide fine particles of iron, manga- 
nese, and copper and the ATO fine particles and a transparent coat layer composed of a silicate film made of silicon 
oxide as the main constituent, that is, a low-transmission transparent layered structure of Example 13 was obtained. 
[01 29] The film characteristics of the double layer film formed on the glass substrate are shown in Table 7 below. 

Example 14 

[0130] After mixing 20.0 g of ITO fine particles having a mean particle size of 30 nm (SUFP-HX, trade name, man- 
ufactured by SUMITOMO METAL MINING CO., LTD.) with 1 .5 g of a dispersing agent and 78.5 g of EA, the mixture was 
dispersed with zirconium beads in a paint shaker, a dispersion (liquid H) of the ITO fine particles having a dispersed 
particle size of 105 nm was obtained. 

[01 31 ] Then, by following the same procedure as Example 1 2 expect that by adding PGM and DAA to a mixture of 
0.4 g of the liquid H described above, 0.3 g of the liquid D in Example 7, 0.16 g of the liquid E in Example 7, and 0.46 
g of the liquid B in Example 1 , a low-transmission transparent layer forming coating liquid for forming a low-transmission 
transparent layer containing ihe caibon fine particles, the black titanium oxynitride fine particles, the ITO fine particles, 
and the silica sol (carbon: 0.16%, black titanium oxynitride: 0.30%, ITO: 0.8%, SiOa: 0.46%, water: 2.90%, EA: 6.4%, 
IPA: 1.4%. PGM: 82.5%, and DAA: 5.0%) was prepared, a glass substrate having formed thereon a double layer film 
constituted of the low-transmission transparent layer containing the carbon fine particles, the black titanium oxynitride 
fine particles, and the ITO fine particles and a transparent coat layer composed of a silicate film made of silicon oxide 
as the main constituent, that is. the low-transmission transparent layered structure of Example 14 was obtained. 
[0132] Also, the film characteristics of the double layer film formed on the glass substrate are shown in Table 7 
below. 
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[Weather resistance test] 

[0133] Each of the low-transmission transparent substrates obtained in Examples 11 to 14 was immersed in an 
aqueous solution of 10% sodium chloride and an aqueous solution of 5% ammonia for 24 hours and the transmission 
and the appearance of each low-transmission transparent layer formed on the transparent substrate (glass substrate) 
were investigated but the changes were not observed in each case. Then, the similar test was carried out using an 
aqueous solution of 50% acetic acid and the results are shown in Table 8 below. 



w Table 8 





Transmission % 


Appearance of double 
layer film 




Initial value 


Value after immersing in 
aqueous 50% acetic acid 
solution 




Example 1 1 


55.0 


58.4 


No change 


Example 12 


62.9 


63.9 


No change 


Example 1 3 


77.7 


78.2 


No change 


Example 14 


65.3 


65.4 


No change 



[0134] As described above, according to the present invention, a low-transmission transparent layered structure, 
?5 which has a flat transmission profile, can provide a low reflectance and antistatic and electric field shielding functions, 
and further can reduce the prockiction cost, and the production method of the low-transmission transparent layered 
structure are provided and also a display device to which the low-transmission transparent layered structure is applied 
can be provided. 

30 Claims 



1 . A low-transmission transparent layered structure comprising a transparent substrate and a low-transmission trans- 
parent layer formed on the transparent substrate, wherein the low-transmission transparent layer is constituted of 
black pigment fine particles having a mean particle size of from 10 to 150 nm and a binder matrix as the main con- 
35 stituents, the black pigment fine particles being composite oxide fine particles of iron, manganese, and copper, or 
are carbon fine particles and black titanium compound fine particles, the visible light transmission of the low-trans- 
mission transparent layer is from 40 to 90%, and the standard deviation of the transmission of the low-transmission 
transparent layer in each wavelength every 5 nm of a visible light wavelength region (380 to 780 nm) is 5% or lower. 

(0 2. The low-transmission transparent layered structure according to claim 1 wherein the black titanium compound is 
black titanium oxide or black titanium oxynitride. 

3. Th low-transmission transparent layered structure according to claim 1 or 2 wherein the mixing ratio of the black 
titanium compound fine particles to the carbon fine particles is from 80 to 2500 parts by weight of the black titanium 

is compound fine particles to 1 00 parts by weight of the carbon fine particles. 

4. The low-transmission transparent layered structure according to any of claims 1 to 3 wherein the constituting ratio 
of the binder matrix to the black pigment fine particles in the low-transmission transparent layer is from 150 to 650 
parts by weight of the binder matrix to 100 parts by weight of the black pigment fine particles. 

\o 

5. Th low-transmission transparent layered structure according to any of claims 1 to 4 wherein the low-transmission 
transparent layer contains an electrically conductive oxide fine particles having a mean particle size of from 10 to 
150 nm, the compounded amount of the electrically conductive oxide fine particles is from 50 to 1000 parts by 
weight to 1 00 parts by weight of the black pigm nt fine particles, and the surface resistance of the low-transmission 

.5 transparent layer is from 10 4 to 10 10 O/square. 



6. The low-transmission transparent layered structure according to claim 5 wherein the electrically conductive oxide 
fine partides are at least one kind of fine particles selected from indium tin oxide fine particles and tin antimony 
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oxide fine particles. 

7. The low-transmission transparent layered structure according to any of claims 1 to 4-wherein the low-transmission 
transparent layered structure is a low-transmission transparent layered structure having a double layer film formed 
by forming on the transparent substrate the low-transmission transparent layer and further a transparent coat layer, 
the reflectance of the low-transmission transparent layered structure, which becomes minimum in the reflection 
profile of a visible light region, is 3% or lower, the visible light transmission of the double layer film is from 40 to 90%, 
and further the standard deviation of the transmission of the double layer f ilm in each wavelength every 5 nm of a 
visible light wavelength region (380 to 780 nm) is 5% or lower. 

8. The low-transmission transparent layered structure according to claim 5 or 6 wherein the low-transmission trans- 
parent layered structure is a low-transmission transparent layered structure having a double layer film formed by 
forming on the transparent substrate the low-transmission transparent layer containing the electrically conductive 
fine particles and further a transparent coat layer, the reflectance of the low-transmission transparent layered struc- 
ture, which becomes the minimum in the reflection profile of a visible light region, is 3% or lower, the surface resist- 
ance and the visible light transmission of the double layer film are from 10 4 to 10 10 ft/square and from 40 to 90%, 
respectively, and further, the reflectance of the low-transmission transparent layered structure, which becomes the 
minimum in the reflection profile of a visible light region, is 3% or lower, the visible light transmission of the double 
layer film is from 40 to 90%, and further the standard deviation of the transmission of the double layer film in each 
wavelength every 5 nm of a visible light wavelength region (380 to 780 nm) is 5% or lower 

9. The low-transmission transparent layered structure according to any of claims 1 to 8 wherein each of the binder 
matrix in the low-transmission transparent layer and the transparent coat layer is made of silicon oxide as the main 
constituent. 

10. A method of producing a low-transmission transparent layered structure, which comprises preparing a low-trans- 
mission transparent layer forming coating liquid by dispersing black pigment fine particles having a mean particle 
size of from 10 to 1 50 nm made of composite oxide fine particles of iron, manganese, and copper, or made of car- 
bon fine particles and black titanium compound fine particles, and an inorganic binder constituting a binder matrix 
in a solvent as the main constituents, and, after coating the low-transmission transparent layer forming coating liq- 
uid on a transparent substrate, heat-treating the coated layer. 

11. The method of producing a low-transmission transparent layered structure accorcfing to claim 10 wherein the con- 
stituting ratio of the inorganic binder to the black pigment fine particles in the low-transmission transparent layer 
forming coating liquid is from 1 50 to 650 parts by weight of the inorganic binder to 1 00 parts by weight of the black 
pigment fine particles. 

12. The method of producing a low-transmission transparent layered structure according to claim 10 or 1 1 wherein the 
low-transmission transparent layer forming coating liquid contains electrically conductive oxide fine particles having 
a mean particle size of from 10 to 1 50 nm and the compounding amount of the electrically conductive fine particles 
is from 50 to 1000 parts by weight to 100 parts by weight of the electrically conductive oxide fine particles. 

13. A method of producing a low-transmission transparent layered structure, which comprises preparing a low-trans- 
mission transparent layer forming coating liquid by dispersing black pigment fine particles having a mean particle 
size of from 10 to 150 nm made of composite oxide fine particles of iron, manganese, and copper, or made of car- 
bon fine particles and black titanium compound fine particles in a solvent as the main constituent, coating the low- 
transmission transparent layer forming coating liquid on a transparent substrate, and then, after further coating 
thereon a transparent coat layer forming coating liquid, heat-treating the coated layers. 

14. The method of producing a low-transmission transparent layered structure according to claim 13 wherein the low- 
transmission transparent layer forming coating liquid further contains electric conductive oxide fine particles having 
a mean particle size of from 10 to 150 nm, and the compounded amount of the electrically conductive fine particles 
is from 50 to 1000 parts by weight to 100 parts by weight of the black pigment fine particles, 

1 5. The method of producing a low-transmission transparent layered structure according to claim 1 3 or 14 wherein the 
low-transmission transparent layer forming coating liquid further contains an inorganic binder constituting a binder 
matrix. 
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16. The method of producing a low-transmission transparent layered structure according to any of claims 12 to 15 
wherein the electrically conductive oxide fine particles are at least one kind of fine particles selected from indium 
tin oxide fine particles and tin antimony oxide fine particles. 

5 17. The method of producing a low-transmission transparent layered structure according to any of claims 10 to 16 
wherein the black titanium compound is black titanium oxide or black titanium oxynitride. 

18. The method of producing a low-transmission transparent layered structure according to any of claims 10 to 17 
wherein the compounding ratio of the black titanium compound fine particles the carbon fine particles is from 80 to 

w 2500 parts by weight of the black titanium compound fine particles to 100 parts by weight of the carbon fine parti- 
cles. 

19. The method of producing a low-transmission transparent layered structure according to any of claims 10 to 18 
wherein the inorganic binder of the low-transmission transparent layer forming coating liquid and the transparent 

ts coat layer forming the coating liquid and the coating liquid is made of a silica sol as the main constituent 

20. A display device comprising a main body and a front face plate disposed at the front face side of the main body, 
wherein the low-transmission transparent layered structure described in any of claims 1 to 9 is incorporated therein 
by disposing with the low-transmission transparent layer side thereof outside as the front face plate. 
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